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(54) SPARK PLUG FOR INTERNAL COMBUSTION ENGINE 

(57) Abstract: 

PURPOSE: To provide a spark plug for internal combustion engine with excellent 
durability which can prevent fatigue fracture of a noble metal member and can 
enhance the ant i -wear performance of the noble metal member. 
CONSTITUTION: A spark plug for internal combustion engine comprises a metal 
housing equipped with a grounding electrode 3, an electric insulator 44 inserted 
fast in the metal housing, and a center electrode 1 whose base is embedded in 
the insulator 44 while foremost part 11 is protruding. A ring-shaped noble metal 
member 2 is fitted on the foremost part 11 of the center electrode 1, and a weld 
part 5 is furnished where the two are secured locally. The crystal ine structure 
of the noble metal member 2 consists of flat crystal grains piled up in the 
direction of confronting the discharge surface 31 of the grounding electrode 3, 
and the condition t/d 0. 3 should be met, where (d) and (t) are the longer 

diameter and thickness, respectively, of each flat crystal grain. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the spark plug for internal combustion 
engines, and the noble-metals member prepared especially in the center electrode. 
[0002] 

[Description of the Prior Art] In the internal combustion engine used for the present 
automobile etc., energy saving much more than the viewpoint of an environmental 
problem and earth resources is cried for, and reduction of mpg is advanced. A high- 
pressure shrinkage, RIN barn-ization by the lean mixture, etc. are performed as the 
means. However, thereby, the leaping- flame voltage in the spark gap of a spark plug 
rises. Therefore, many spark plugs which have arranged noble-metals members, such as 
platinum excellent in expendability-proof, that exhaustion of an electrode should be 
suppressed as much as possible are proposed. 

[0003] It is in it and there is a spark plug set up so that the point of a center electrode 
might be projected from the viewpoint of the improvement in ignitionability for a long 
time to the combustion chamber of an internal combustion engine (refer to drawing 3 
mentioned later). Since a thermolysis operation also gets worse that it is easy to be 
heated, the electrode temperature becomes high and the electrode wear of the center 
electrode of this spark plug increases. Therefore, the noble-metals member excellent in 
expendability-proof is prepared in the periphery of the side of the point of a center 
electrode, and the spark plug which confronted two or more grounding electrodes with 
this noble-metals member is proposed (JP,62-31797,B). 

[0004] A noble-metals member is made to fix to the point of a center electrode by this 
spark plug's carrying out electric welding of these extensively while putting the noble- 
metals member of a disk with a hole on the point of a center electrode, and carrying out 
spinning of the outer diameter after that, so that it may become ****. In this spark plug, 
since electric welding of a noble-metals member and the center electrode is carried out 
and they are carrying out spinning, the junction fixation of the noble-metals member can 
be carried out over the whole surface to a center electrode. 
[0005] 

[Problem(s) to be Solved] However, in the above-mentioned conventional spark plug, 
since it has a different coefficient of linear expansion from the above-mentioned center 
electrode and a noble-metals member, thermal stress arises by the temperature change at 
the time of combustion of an internal combustion engine repeatedly in both junction 
interface. Especially the noble-metals member makes eye an expensive hatchet and its 
thickness thin. Therefore, repeatedly, with thermal stress, a noble-metals member causes 
fatigue breaking and reduces the endurance life of a spark plug remarkably. 
[0006] Then, in order to avoid this fault, the means which add nickel (nickel) to a noble- 
metals member, and make small the difference of the coefficient of linear expansion of a 
center electrode and a noble-metals member are also taken, however — if this nickel 
addition is made [ many ] — noble metals ~ since the expendability-proof of a member 
gets worse, nickel can be added only about at most 25% of the weight 
[0007] this invention — this conventional trouble - taking an example - noble metals ~ 
while being able to prevent fatigue breaking of a member — noble metals - it is going to 



offer the spark plug for internal combustion engines excellent in endurance which can 

raise the expendability-proof of a member 

[0008] 

[Means for Solving the Problem] The insulating insulator in which this invention carried 
out insertion fixation into metal housing which prepared the grounding electrode, and this 
metal housing, In the spark plug for internal combustion engines which has the center 
electrode which the base was embedded at this insulating insulator, and the point has 
projected, and comes to form a spark gap between the point of the above-mentioned 
center electrode, and the above-mentioned grounding electrode the welding fixed part 
which fixes between both locally while fitting an annular noble-metals member into the 
above-mentioned point of the above-mentioned center electrode at the periphery - 
preparing ~ the above-mentioned noble metals - the crystalline structure of a member 
When it consists of flat flat crystal grain by which the laminating was carried out in the 
direction which stands face to face against the electric discharge side of a grounding 
electrode and thickness of d and flat crystal grain is set to t for the major axis of this flat 
crystal grain, it is in the spark plug for internal combustion engines characterized by 
having the relation of t/d<=0.3. 

[0009] having carried out the welding fixed part of both locally, while what should be 
most observed in this invention fitted the noble-metals member into the periphery of the 
point of a center electrode annularly, and the above-mentioned noble metals - it is 
having set the relation of the major axis d and thickness t in the flat crystal grain of a 
member to t/d<=0.3 

[0010] The above-mentioned noble-metals member has annular forms, such as a circle, 
the shape of a cylinder, multiple annular one, and multiple tubed one. The configuration 
of the point of a center electrode has the configuration and size which can fit in this 
noble-metals member. And the welding fixed part of a point and the noble-metals 
member is carried out to the local target instead of the whole surface of the contact 
portion. Moreover, it is desirable to prepare formation of a local welding fixed part in the 
portion which does not confront each other the electric discharge side of a grounding 
electrode and directly ( drawing 1 , drawing 6 - drawing 8 ). Thereby, the oxidization 
corrosion [ exhausting / sparks / of a welding fixed portion ] can be prevented. 
[001 1] As the above-mentioned noble-metals member, there are Pt(platinum)-nickel 
(nickel), Pt-Ir(iridium)-nickel, Pt-Ir, etc. moreover, these noble metals - the crystalline 
structure of a member consists of flat flat crystal grain by which the laminating was 
carried out in the direction which stands face to face against the electric discharge side of 
a grounding electrode This flat crystal grain is obtained by rolling out the above- 
mentioned noble-metals member. 

[0012] Moreover, the above-mentioned flat crystal grain needs to have the relation of 
t/d<=0.3 between the major axis d (micrometer) and thickness t (micrometer). When t/d 
becomes larger than 0.3, the oxidization corrosion of the grain boundary produced at the 
time of electric discharge advances early, and there is a possibility of producing the 
dissolution of flat crystal grain, disappearance, and defluxion further. As shown in an 
example, the above-mentioned flat crystal grain is abbreviation elliptical sheet metal, and 
makes a diameter with elliptical [ the / longer ] the above-mentioned major axis d. 
[0013] Moreover, as a method of forming a local welding fixed part between the point of 
a center electrode, and a noble-metals member, meanses which can weld the narrow 



range locally, such as laser and an electron beam, are used, the noble metals which 
approach a welding fixed part since a welding fixed part can be formed in the small local 
portion which asks especially for welding by laser and the electron beam and the energy 
making time can also be controlled — big and rough-ization of the organization of a 
member can be prevented 

[0014] Moreover, as for the above-mentioned center electrode, it is desirable to use a 
nickel machine alloy. Thereby, the expendability-proof of the center electrode itself can 
also improve. As this nickel machine alloy, there are a nickel quantity chromium alloy 
(Inconel system) which contains Crl5% and Fe8%, for example, a nickel low chromium 
alloy containing 1 - 6% of Cr(s), etc. 
[0015] 

[Function and Effect] In the spark plug of this invention, it is only considering as the 
composition which inserts the above-mentioned noble-metals member in the periphery of 
the point of a center electrode, and having the welding fixed part locally among both. 
And a welding fixed part is local junction while having the coefficient of linear expansion 
which is in the alloy state into which the center electrode and the noble-metals member 
melted, and was approximated to both coefficient of linear expansion, therefore, the 
thermal stress which both expand and contract free, respectively and is produced among 
both by the temperature change at the time of combustion of an internal combustion 
engine even if a center electrode and a noble-metals member repeat expansion and 
contraction --****-- it is few so, noble metals — fatigue breaking of a member is 
avoidable 

[0016] Moreover, the above-mentioned noble-metals member is the flat flat crystal grain 
by which the laminating was carried out in the direction in which the crystalline structure 
stands face to face against the electric discharge side of a grounding electrode, and the 
relation of the major axis d and thickness t has the relation of t/d<=0.3. Therefore, the 
intergranular corrosion path in the crystalline structure can be lengthened, and advance of 
the oxidization corrosion which results in the plane of composition of a center electrode 
and a noble-metals member can be suppressed. 

[0017] moreover - therefore, the dissolution of each flat crystal grain produced from the 

fall of the bonding strength during the crystal accompanying intergranular corrosion and 

aggravation of heat conduction, disappearance, and omission can be prevented so, noble 

metals - the expendability-proof of a member can be raised 

[0018] therefore ~ according to this invention - noble metals - while being able to 

prevent fatigue breaking of a member — noble metals — the spark plug for internal 

combustion engines excellent in endurance which can raise the expendability-proof of a 

member can be offered 

[0019] 

[Example] 

It explains using drawing 1 - drawing 5 about the spark plug for internal combustion 
engines concerning the example of example 1 this invention. As shown in drawing 1 - 
drawing 3 , the spark plug of this example has the metal housing 4 which formed the 
grounding electrode 3, the insulating insulator 44 by which insertion fixation was carried 
out into this metal housing 4, and the center electrode 1 which the base was embedded at 
this insulating insulator 44, and the point 1 1 has projected, and forms the spark gap 35 
between the point 1 1 of the above-mentioned center electrode 1, and a grounding 



electrode 3. 

[0020] moreover, noble metals annular on the periphery of the above-mentioned point 1 1 

while fitting in a member 2, it has the welding fixed part 5 which fixes both locally 
moreover, the above-mentioned noble metals - the crystalline structure of a member 2 
consists of flat flat crystal grain by which the laminating was carried out in the direction 
which stands face to face against the electric discharge side 31 of a grounding electrode 3 
Moreover, as shown in drawing 1 , drawing 4 , and drawing 5 , the relation of t/d<=0.3 
between the major axes d and thickness t of flat crystal grain is. 
[0021] The above-mentioned center electrode 1 builds in the core material 15. A center 
electrode 1 is a nickel machine alloy which consists of Inconel 600, and a core material 
15 is copper, moreover, noble metals ~ a member 2 has the shape of a cylindrical shape 
with the thickness of 0.5mm, an outer diameter [ of 2.5mm ], and a longitudinal size of 
1 .5mm in this example using a Pt-nickel alloy moreover, noble metals - it has fitted into 
the point 1 1 of a center electrode 1 , and both apical surface makes the member 2 in 
agreement ( drawing 1 , drawing 3 ) 

[0022] moreover, the point 1 1 of a center electrode and noble metals - between members 
2, as shown in drawing 1 - drawing 3 , in the contact portion 22 of the shape of a circle of 
the above-mentioned apical surface, it has the annular welding fixed part 5 by the shape 
of a cross section of V characters the point [ in / the above-mentioned apical surface / for 
a laser beam / in this welding fixed part 5 ] 1 1, and noble metals — it has formed by 
irradiating the contact portion 22 with a member 2 annularly moreover, a point 1 1 and 
noble metals — the contact portion of others with a member 2 does not form the welding 
fixed part Moreover, the screw section 41 for screwing a spark plug on to an internal 
combustion engine is formed in the periphery of the metal housing 4. 
[0023] next, the above-mentioned noble metals — it explains per crystalline structure of a 
member it is shown in drawing 1 , drawing 4 , and drawing 5 — as — noble metals — the 
crystalline structure of a member consists of flat flat crystal grain 20 by which the 
laminating was carried out in the direction ( drawing 1 , drawing 4 ) which stands face to 
face against the electric discharge side 31 of a grounding electrode 3 That is, the flat 
surface which looked at each flat crystal grain 20 from the electric discharge side side is 
an ellipse form ( drawing 5 ), and the cross section is sheet metal-like ( drawing 4 ). 
[0024] The noble-metals member which has this crystalline structure is formed by rolling 
out the above-mentioned noble-metals member. In this example, the major axis d isJ 7- 
25jni crometers an d thickness t ] 2-7 micrometers, and t /d of the above-mentioned flat 
crystal grain 20 isTD~orTessT 

[0025] the spark plug of this example - setting -- the point 1 1 of a center electrode 1 - 
noble metals — while fitting in a member 2, the welding fixed part is formed locally 
therefore - like the above - noble metals - fatigue breaking of a member is avoidable 
moreover, noble metals — the crystalline structure of a member is flat crystal grain, and 
the above-mentioned t/d is 0.3 or less Therefore, like the above, an intergranular 
corrosion path can be long and can raise expendability-proof. So, the spark plug excellent 
in endurance can be obtained. Moreover, in this example, the welding fixed part 5 does 
not confront each other the electric discharge side 31 of a grounding electrode, and 
directly. Therefore, the oxidization corrosion [ exhausting / sparks / of the welding fixed 
part 5 ] can be prevented. 

[0026] the example of two examples is shown in drawing 6 - drawing 8 - as - the point 



1 1 of a center electrode 1, and noble metals - various examples are shown about the 
position of the welding fixed part 5 prepared between members 2 the annular welding 
fixed part 5 ( drawing 1 , drawing 2 ) which showed the spark plug shown in drawing 6 to 
the example 1 ~ replacing with » the point 1 1 of a center electrode, and noble metals 
in the contact portion 22 of the shape of a circle of an apical surface with a member 2, the 
welding fixed part 51 is formed in four places in spot, and other portions are not welded 
[0027] the spark plug shown in drawing 7 — noble metals — in the contact portion 23 of 
the soffit of a member 2, and the step 111 of the point 11 of a center electrode, it is what 
formed the welding fixed part 52 in the perimeter, and other portions are not welded In 
addition, the above-mentioned welding fixed part 52 is provided in the portion separated 
from the soffit side 33 of a grounding electrode 3 0.4mm or more so that it may not 
confront each other the electric discharge side 31 of a grounding electrode 3, and directly. 
[0028] the spark plug shown in drawing 8 - the welding fixed part 53 — the point 1 1 of a 
center electrode - receiving - noble metals - it forms by two places of the length 
direction center section of the member 2 And each provides two welding fixed parts 53 in 
the direction which intersects perpendicularly with this 90 degrees so that face to face 
may not be stood against the electric discharge side 31 of a grounding electrode 3. 
[0029] the above in any case, since the welding fixed parts 51-53 do not confront each 
other the electric discharge side 31 of a grounding electrode 3, and directly, these are 
sparks-exhausted, oxidization corrosion is not carried out and they are excellent in 
endurance Moreover, in [ any ] a spark plug, it is [ 1 ] the same, and, as for others, it can 
acquire the same effect as an example 1 . 

[0030] the example of three examples - setting — noble metals — the state of the 
crystalline structure of a member, and noble metals it explains per expendability-proof 
of a member namely, the spark plug shown in the above-mentioned example 1 ~ setting - 
- the relation between the major axis d of flat crystal grain, and thickness t - various - 
alike — changing — these - an engine — attaching -- a spark test — carrying out — noble 
metals - the expendability-proof of a member was tested The t/d ratio was taken along 
the horizontal axis, the ratio [ exhausting ] was taken along the vertical axis, and the 
result was shown in drawing 9 . It is a rate over the amount of consumption when setting 
t/d to 1 .0 here, as a ratio [ exhausting ] is shown in this drawing. 
[0031] The above-mentioned spark test was performed on WOT (throttle full open), 
5000rpm, and the conditions of 200 hours using 6-cylinder and the 2000 cc gasoline 
engine, in addition, drawing 9 - setting — Curves A and B - noble metals - the quality 
of the material of a member is shown, Curve A shows the 78%Pt-20%Ir-2%nickel alloy, 
and, on the other hand, Curve B shows 8Q%P.t-r20?/onicke Lit is k nown from drawing 9 — 
as - which noble metals - also in a member, when t/d is 0.3 or more, it turns out that 
there are very few ratios [ exhausting ] 

[0032] this - the case of t/d<=0.3 - noble metals - the advance path of the intergranular 
corrosion from the front face of a member becomes long, and it thinks for the corrosion 
advance to the contact portion of a noble-metals member and a center electrode not to 
progress easily Moreover, since detailed flat crystal grain is maintained, there is also no 
fall of material strength and it thinks for fatigue strength to improve to repeat thermal 
stress. Moreover, for the reason, it is hard to generate stress concentration and is hard to 
produce a grain-boundary crack and crystal omission. 

[0033] the example of the example book of comparison is shown in drawing 10 — as — 



noble metals - flat crystal grain with the crystalline structure of a member flat in the 
direction which stands face to face against an electric discharge side like this invention 
not but -- and aging of fatigue breaking of the crystalline structure when [ above- 
mentioned ] not being t/d<=0.3 is shown the noble metals which prepared drawing 10 a-d 
in the ignition section of the point 1 1 of a center electrode - a member 2 is expanded and 
shown and aging of the form [ exhausting ], the crystalline structure, and fatigue breaking 
is shown 

[0034] namely, the early noble metals with which drawing 10 (a) was joined to the center 
electrode - the cross section of a member is shown, a crystal turns into about about 20 
micrometers big and rough with heat treatment after junction, and it is not flat drawing 10 
(b) -- setting - the electric discharge between spark gaps - noble metals - the corrosion 
202 of a crystal and the selective corrosion 203 to the grain boundary arise [ the surface 
section of a member ] complexly according to melting, and the evaporating phenomenon 
and the high-temperature-corrosion atmosphere of a combustion chamber 
[0035] In drawing 10 (c), the situation at the time of prolonged use is shown. Advance of 
intergranular corrosion plays the role of notching to the repeat thermal stress to a noble- 
metals member, and when remarkable, it results in the grain-boundary crack 204 in stress 
concentration. Heat conduction during a mutual crystal gets worse, much more corrosion 
and melting happen and the portion which produced the grain-boundary crack 204 
worsens expendability-proof. finally, it is shown in drawing 10 (d) - as - a grain- 
boundary crack — noble metals - the contact portion of a member 2 and the center- 
electrode point 1 1 — the oxidization corrosion 205 - reaching - noble metals ~ a part of 
member falls out, and the amount of noble metals will decrease remarkably and will 
reduce expendability-proof 



